Introduction
Over the past five years, significant progress has been made towards increasing individual access to potentially life-saving combination antiretroviral therapy (ART), which has led to reductions in HIV-associated morbidity and mortality. As a result, there were 15.8 million people on ART by mid- 2015 [1] . These gains towards the goal of universal access to HIV treatment do not come without challenges. Developing a sustainable way to provide lifelong ART and monitor the impact on local health systems is critical. Likewise, identifying specific barriers to HIV diagnosis and treatment that persist in different regions is necessary. In order to achieve these goals, an understanding of the current state of HIV care delivery is essential.
Studies focused on site characteristics have identified gaps in care delivery and program components associated with better patient outcomes [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . For instance, adherence support services, active patient outreach, and food rations are associated with improved retention in care after ART initiation [6] . Thus, site-level analyses play an invaluable role in identifying systematic changes needed to ensure that resources are invested in HIV program components that have been associated with improved patient outcomes.
In 2009, the International epidemiologic Database to Evaluate AIDS (IeDEA) Consortium developed and implemented a baseline site assessment (referred to as Site Assessment 1.0; "SA 1.0") to characterize facility and programmatic attributes, contextual factors, and clinical-level procedures for HIV care sites within the consortium. The survey also aimed to evaluate the capacity to deliver comprehensive World Health Organization (WHO)-recommended HIV prevention, care, and treatment services [12] . Analysis of the survey showed significant variation in program characteristics and the capacity to deliver recommended comprehensive HIV services across geographic regions [13] . Sites located in low-HDI settings that received United States President's Emergency Plan for AIDS Relief (PEPFAR) support offered a more comprehensive array of the 7 essential services studied than sites in middle or high-HDI settings and sites in low-HDI settings not receiving PEPFAR support. This study was intended to serve as a baseline for monitoring care delivery over time.
Since 2009, there have been both policy and technological advances within the field of HIV treatment. The 2013 WHO consolidated guidelines recommended routine viral load monitoring as the preferred method to screen for ART treatment failure [14] . Additionally, new modalities for early and accurate diagnosis of opportunistic infections (OIs) such as GeneXpert MTB/RIF™ for tuberculosis [15] [16] [17] and cryptococcal antigen lateral flow assay [18] [19] [20] for the detection of cryptococcal meningitis have become available [21] [22] [23] . Finally, PEPFAR has increasingly supported sustainability and country ownership of programs so that select countries now receive less external donor support [24, 25] .
We conducted a survey in 2014 to evaluate the current capacity of IeDEA sites to deliver the most recent WHOrecommended HIV prevention, care, and treatment services. In this analysis, we assessed the comprehensiveness of HIV services provided within IeDEA in 2014, described laboratory capacity for ART monitoring and diagnosis of select OIs, and compared trends in ability to deliver comprehensive services across sites from 2009 to 2014. We hypothesized that comprehensiveness of services would continue to vary by region, that decreases in PEPFAR support would result in decreased comprehensiveness, and that only a small proportion of sites in lowand middle-income countries (LMIC) would have capacity to measure viral load.
Methods
IeDEA is a global research consortium of HIV care and treatment sites in seven geographic regions: Central Africa, East Africa, South Africa, West Africa, the Caribbean, Central, and South America (CCASAnet), Asia-Pacific (including Australia), and North America [26] [27] [28] [29] [30] . IeDEA is funded to collect globally diverse data to address key clinical and operational questions that cannot be answered by a cohort of patients in a single geographical location.
Survey development
IeDEA investigators developed a 40-item site survey to collect information on characteristics of each participating site including: facility information (location, funding, academic affiliation, patient population); clinic staffing; prevention services (HIV counselling and testing, family planning, education on risk behaviour, prevention of mother-to-child transmission (PMTCT) of HIV); clinical services offered (blood pressure monitoring, diabetic screening, OI screening and treatment, co-trimoxazole prophylaxis); access to laboratory testing (CD4+ cell count, HIV viral load, sexually transmitted infection (STI) screening, hepatitis B/C testing, TB diagnosis, antiretroviral (ARV)-related toxicity screening (i.e. haemoglobin, creatinine, AST/ALT)); ART adherence support and outreach programs (counselling, short message service (SMS) reminders, patient tracking); pharmacy capacity (medications dispensed, frequency of stock outs, ART waitlists); nutritional services (counselling, micronutrient assessment and supplementation, food supplementation); specific paediatric services, and ability to screen for and/or treat cancer. Location was identified by the site representative selecting "Urban, Mostly Urban, Mostly Rural, Rural, or Unknown" in response to the question "What is the location of this site".
English (Additional file 1) and French versions of the survey were distributed online and in paper form. REDCap, a secure web-based application designed to support data collection for research studies [31] , was used to implement the online version of the survey.
Data collection
All seven IeDEA regions agreed to participate in SA 2.0. Data managers from each region distributed a link to the web-based survey as well as a PDF of the paper-based survey to a designated clinical staff member for each IeDEA clinic or cohort of clinics in their region. Paper surveys were entered into REDCap and accuracy of data input was verified by the regional data team.
The site assessment was conducted in all IeDEA regions between September 2014 and January 2015. In order to ensure completeness of data, a team at the IeDEA Network Coordinating Center (INCC) at Vanderbilt worked with regional data managers after the survey closed to query sites regarding incomplete questions. The sites and coordinating centres for all regions had Institutional Review Board approvals in place permitting the collection of site-level data for this site assessment survey. This study was approved by the Vanderbilt University Internal Review Board as nonhuman subject research (IRB number 141851) because only site-level (not patient-level) data were collected.
Comprehensiveness
We used a previously developed comprehensiveness metric that provides a score of one to seven to describe the availability of seven essential WHO-recommended HIV care services for adults and adolescents at IeDEA sites in 2014 [13] . The services included: ART adherence, nutritional support, PMTCT provision, CD4+ cell count testing, TB screening, prevention services, and community outreach ( Table 1 ). We also created a "comprehensiveness plus" variable that counts availability of both viral load monitoring and CD4+ cell count monitoring as one of seven essential services, as compared to availability of CD4+ cell count monitoring alone. Each clinic that completed all necessary survey questions was assigned a comprehensiveness score ranging from three to seven.
Sites were grouped into comprehensiveness categories derived from examination of data distribution of low (3-5 services), medium (6 services), or high (all seven services). We assessed the availability of essential services by region and site characteristics including type of patients (adults only v. adults and children), funding (public v. private), facility level (primary, secondary, tertiary), academic affiliation (affiliation v. no affiliation), PEPFAR support in 2014 (support provided v. no support provided), and country rank on the 2014 UN Human Development Index (HDI) (low, middle, high) [32] . We also evaluated change in comprehensiveness of care available from 2009 to 2014 by comparing sites that (1) completed both SA 1.0 and SA 2.0 and (2) answered all survey questions necessary to assign a comprehensiveness score.
Statistical analysis
Data from English and French surveys were merged in REDCap and exported for analysis. The data were cleaned and analyzed using Stata version 13 (www.stata.com) and R-software 3.2.0 (www.r-project.org). Sites seeing solely paediatric patients or missing data on site characteristics were excluded from all analyses. An alpha of <0.01 was used to define statistical significance in all tests conducted.
Analyses of 2014 data included descriptive statistics and frequency calculations. Frequencies of site characteristic variables were stratified by region. The distribution of comprehensiveness score (low, medium, or high) and "comprehensiveness plus" score was examined by site characteristic and region. Frequency of availability of each essential service was also calculated. Statistical significance was determined using a Chi-squared test. Frequency of availability of laboratory testing was stratified by region. A paired Wilcoxon test was used to compare comprehensiveness across SA 1.0 and 2.0. One-way ANOVA F-tests were used to determine associations between site characteristics and change in comprehensiveness score from SA 1.0 to SA 2.0.
Results

Site overview
Of the 536 sites initially approached with the SA 2.0 survey, 249 (46%) did not meet eligibility criteria, most commonly because the site was an interval cohort (contributing data but no longer a clinical site) (N = 139) or was no longer an active site (N = 36) (Supplemental Table 1 ). Among the 287 HIV care and treatment sites within IeDEA that were eligible and completed the survey, 24 sites (8%) that only provided care for children and 1 site (<1%) missing information on service population were excluded from analyses. The remaining 262 sites (91% of sites responding to the survey) were included for analysis. The number of sites included in the analysis varied by region, from 11 in CCASAnet to 87 in Southern Africa ( Table 2) .
The majority of clinics reported being located in an urban setting (67%), (Table 2 ). This pattern was true for all regions Counselling, nutritional assessment, micronutrient/vitamin supplements or food supplement Prevention of mother-to-child transmission (PMTCT)
PMTCT provision onsite or at the same facility
CD4+ cell count testing
Testing onsite or offsite TB screening Clinical symptoms and acid-fast bacilli (AFB) smear onsite or in the same health facility Prevention services HIV testing and counselling and one or more of the following: disclosure counselling to sexual partners, education on safe sex methods, family planning counselling, provision of condoms, provision of other birth control methods, education on high-risk substance-use behaviours, screening for drug and alcohol use/abuse, referral for substance abuse treatment, pre-exposure prophylaxis, and post-exposure prophylaxis Outreach
Community outreach to track patients taking ART who miss an appointment CD4+ Cell count + Viral load testing Testing onsite or offsite with the exception of East Africa, where 42% of clinics were located in a rural setting and 25% were urban. Most sites were publicly funded (87%), and 46% of sites reported affiliation with an academic institution. Overall, sites were most often located within a primary (42%) or tertiary (40%) care centre. This varied by region, with 100% of sites located in tertiary facilities in Central Africa and CCASAnet while the majority of sites in Southern Africa (63%) and Asia-Pacific (54%) were primary-level facilities.
Comprehensiveness
Comprehensiveness measures were calculated for the 260 (99%) sites having completed all survey questions required to calculate a score. Comprehensiveness scores ranged from 3 to 7, the mean (standard deviation (SD)) was 6.3 (0.9) and the median (interquartile range) was 7 (6-7). Twenty-five of the 260 sites (10%) offered 3-5 essential services (low); 77 sites (30%) offered six essential services (medium), and 158 (61%) sites offered all seven essential services (high). All sites offered HIV prevention counselling and testing as well as at least one additional prevention service ( Table 3 ). Measures to ensure ART adherence (96%), CD4+ cell count testing onsite or at the same health facility (98%), PMTCT (97%), and outreach programs to track patients on ART (91%) were also commonly available. Nutritional support and TB screening were the services most often lacking at 78% and 88%, respectively. Both CD + cell count and viral load testing were offered routinely at 68% of sites. Table 4 summarizes the characteristics of facilities by level of comprehensiveness. Comprehensiveness varied significantly by region (p < 0.001), type of patients seen (<0.001), facility type (p = 0.005), PEPFAR support (p < 0.001), and UN HDI rank (p = 0.005). Sites in East Africa and Southern Africa had the highest percentage of sites offering all seven services (89% and 72%, respectively). Sites seeing adults and children were more frequently fully comprehensive than sites seeing only adults (68% v. 43%). The majority of public sites (64%) and sites receiving PEPFAR support (71%) were fully comprehensive (high level). Of sites in high-ranked countries according to 2014 UN HDI ranking, 48% were fully comprehensive as compared to those located in medium and low-ranked countries of which 68% and 68%, respectively, were fully comprehensive.
Analysis of the "Comprehensiveness plus" metric across 260 sites revealed a lower proportion of fully comprehensive sites (61% v. 39% in "Comprehensiveness Plus") ( Table 5 ). East and Southern Africa remained the regions that most commonly offered all services, however, a smaller proportion of sites within each region were fully comprehensive (89% v. 78% and 72% v. 55%, respectively). The majority of sites that care for adults and children (58%), publicly funded sites (55%), sites with PEPFAR support (60%), and countries with low HDI rank (62%) were fully comprehensive
Availability of laboratory services
Of the 262 sites completing the survey, only two sites (1%) reported not using CD4+ cell count testing to monitor immunologic status of HIV patients. Such testing was used routinely at 90% of sites and offered onsite at the majority of clinics (62%), (Table 6 ). Onsite CD4+ cell count testing was least commonly available in Central Africa (31%), followed by Southern Africa (53%) and East Africa (53%). The majority of sites reported availability of viral load monitoring (89%), although only 69% of sites had viral load routinely available. Routine viral load monitoring was infrequently available for patient care monitoring in West Africa (44% of sites) and Southern Africa (41%), compared to Central and East Africa where it was used routinely in 76% and 72% of sites, respectively. On or offsite, HIV-1 drug resistance testing was not frequently available to the clinical staff (42%), except in North America (96%) and Asia-Pacific (88%).
The availability of laboratory monitoring for ARV medication-related toxicities across 262 sites varied by laboratory test and by region ( Table 7) . Haemoglobin testing was uniformly available (98%) across all regions, though the survey did not specify if this testing was done onsite or offsite. The majority of labs were also capable of performing serum creatinine (76%), AST and/or ALT (73%), and diabetic screening (68%). However, serum cholesterol (55%) and triglyceride (54%) measurement were less frequently available.
Among 262 included sites, capacity for diagnosis of OIs remains low ( Table 8 ). The ability to diagnose TB varied by testing modality used. Specifically, TB diagnosis by sputum AFB smear was routinely available in the clinic or the same health facility (89%) while TB culture was available onsite for only 47% of sites. The newer diagnostic modality GeneXpert MTB/RIF™ (40%) and TB drug resistance testing (33%) were infrequently available onsite (in the clinic or the same health facility). Similarly, screening for cryptococcal meningitis was not routinely available. However, screening using serum cryptococcal antigen (47%) and cerebral spinal fluid (CSF) India ink or CSF antigen (42%) was more widely available than the newer lateral flow assay (29%). Trends in comprehensiveness of HIV prevention, care, and treatment We compared comprehensiveness level in 2014 to that in 2009 for the 55 sites (19%) with complete comprehensiveness data for both surveys (Table 9 ). Of note, a comprehensiveness score could not be computed for Southern Africa in 2009 because they did not contribute site-level data to SA 1.0. There was a significant increase in the comprehensiveness score across all regions from 2009 to 2014 (p < 0.001). The per cent of sites offering nutritional support and outreach services notably increased with smaller increases in availability of PMTCT and TB screening (Table 10 ). 
Discussion
This survey provides an update on the HIV prevention and treatment services available at a diverse cohort of sites within the global IeDEA consortium. We found that comprehensiveness of care provided varied by region, patients seen, site funding, UN HDI category, and presence of PEPFAR support. Similar to the baseline assessment [13] , sites receiving PEPFAR support offer more comprehensive services than sites without PEPFAR support. Likewise, sites in low-and middle-HDI countries offered more comprehensive services than those in high-HDI countries. Additionally, sites serving adults and children and publicly funded sites were more comprehensive.
These results suggest that PEPFAR funding continues to play an important role in delivering essential HIV services to resource-limited settings. Efforts to further increase comprehensiveness can focus on providing TB screening, nutritional support, and routine viral load testing, which were the essential services least often available. Formal comparison of 2009 and 2014 survey data revealed an overall increase of about one additional point in the comprehensiveness score, which is equivalent to provision of one additional essential service. Provision of nutritional support and outreach services increased most notably with smaller increases in availability of PMTCT and TB screening. Prevention, ART adherence services, and CD4 + cell count testing remained routinely available.
Interestingly, there has also been an increase in the services provided at clinics in high HDI countries which may suggest a shift towards a public health-focused central provision of essential HIV services in resource-replete countries. This survey also provides valuable insight into the use of monitoring laboratory tests essential for providing effective HIV care. The majority of sites in IeDEA report using CD4+ cell count routinely for monitoring patients on ART while viral load monitoring was used less routinely. Both tests are less commonly available onsite in resource-limited settings. This is problematic because requiring patients to travel to an offsite facility for testing introduces an additional step where return of results is delayed, samples may be lost, or patients may be lost to follow up [33] [34] [35] . High cost, technical complexity, and quality control have been identified as barriers significantly limiting its availability in resource-constrained settings [36] [37] [38] . Routine viral load monitoring can identify patients in need of increased adherence support to achieve viral suppression and its associated individual and public health benefit and reduce the development of drug resistance [39] . Thus, there is a need to focus on the development of point-of-care viral load testing as well as augmentation of supply chains to support decentralization of viral load testing.
Another important laboratory service is the ability to monitor for ARV-related toxicities such as anaemia, hepatotoxicity, and renal insufficiency. Patients with HIV, especially those on ART, are also at a higher risk of developing non-communicable diseases (NCDs) such as cardiovascular, metabolic, renal, and hepatic diseases [40] [41] [42] . NCDs are an increasing issue in LMICs, which now account for 90% of global NCD-related deaths that occur before the age of 60 [43] . Despite the evident need for such tests, we found that serum cholesterol and triglyceride measurement were rarely available at African sites. There are limited data available on the ability of LMICs to diagnose and manage NCDs [44] ; more research in this area is needed. Additionally, augmenting the infrastructure and funding needed to monitor and treat such diseases is imperative to prevent NCD-related morbidity and mortality. Finally, early OI diagnosis is important to decrease the significant mortality associated with TB and cryptococcal meningitis in HIV-infected patients [14, [45] [46] [47] . We found that TB diagnosis is largely dependent on AFB sputum smear and culture, which require an intact supply chain and skilled laboratory technicians. GeneXpert MTB/RIF was rarely available despite the WHO recommendation for use as an initial diagnostic test in adults or children presumed to have HIV-associated TB [48]. This reflects results from prior studies that found GeneXpert MTB/ RIF™ was generally not available and rarely used in resource-constrained settings [49, 50] . In the case of cryptococcal meningitis screening and diagnosis, neither traditional serum nor CSF antigen testing are widely available in resource-limited settings, and the cryptococcal lateral flow assay is rarely available. Efforts to expand access to point-of-care testing modalities can aid in more rapid diagnosis and treatment, thereby decreasing patient morbidity and mortality as well as the spread of disease. There are limitations of this study in regards to the comprehensiveness score itself and in the analysis of 2014 site characteristics and comprehensiveness. First, the comprehensiveness score weights all services equally, consistent with WHO recommendations. Additionally, the score assumes that the IeDEA site is the only place patients seek care, which may cause underestimation of the level of services patients are actually receiving, Data were obtained through selfreport by clinical staff at each facility, with limited means for investigators to verify responses. Thus, under-or over-report of the availability of services or their receipt, uptake, or quality is possible. Additionally, we did not have the data to assess impact of Global Fund support on comprehensiveness, which should be investigated in future studies as it likely provides the majority of HIV funding at some sites. Finally, HIV care clinics in the IeDEA consortium likely represent higher functioning sites within their regions, so our results may overestimate the background level of services available at HIV treatment sites.
There are also limitations in the comparative analysis between SA 1.0 and SA 2.0. The specific questions asked on the 2009 and 2014 surveys differed slightly, though not enough to preclude a meaningful comparison. Also, the number of sites with the data necessary to participate in the comparison analysis was small relative to the entire IeDEA network (10%) and the Southern Africa region was excluded from this analysis, decreasing representativeness. The limited sample size also inhibited the ability to conduct adjusted analyses.
Conclusions
Data from this global survey describe the evolution of HIV treatment sites in light of changes in treatment recommendations and availability of new diagnostic modalities. Notably, availability of laboratory testing for drug resistance, toxicity monitoring, OI diagnosis, and NCD screening is lacking in these settings and could impact patient outcomes. This gap must be addressed to successfully care for the growing number of patients living and aging with HIV.
Overall, there has been an increase in the comprehensiveness of services provided since 2009. These site-level data will be an important component in analyses addressing HIV patient outcomes. It is difficult to assess the impact of the current trend towards increased country ownership of HIV care and treatment sites at this time. Future site assessment surveys will help elucidate whether this transition will impact the comprehensiveness of services provided in low-resource settings. incomplete surveys. We would also like to thank the following site investigators, clinicians and data managers who distributed and completed the IeDEA Site Assessment and made this analysis possible, along with members of the IeDEA Site Assessment Working Group:
